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long range cargo transport in a complex intracellular environment.
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Intracellular cargo transport frequently involves multiple motor types, either
having opposite directionality or having the same directionality but different
speeds. Although significant progress has been made in characterizing kinesin
motors at the single-molecule level, predicting their ensemble behavior is chal-
lenging and requires tight coupling between experiments and modeling to un-
cover the underlying motor behavior. To understand how diverse kinesins
attached to the same cargo coordinate their movement, we carried out microtu-
bule gliding assays using pairwise mixtures of motors from the kinesin-1, 2, 3, 5
and 7 families engineered to have identical run lengths and surface attachments.
Uniform motor densities were used and microtubule gliding speeds were
measured for varying proportions of fast and slow motors. A coarse-grained
computational model of gliding assays was developed and found to recapitulate
the experiments. The simulations show that the force-dependence of detach-
ment is the key parameter that determines gliding speed in multi-motor assays
and provide estimates for force-dependent dissociation rates suggesting that
kinesin-1 and the mitotic motors kinesin-5 and 7 maintain microtubule asso-
ciation against loads, while kinesin-2 and 3 readily detach. Using these pre-
dictions, we are investigating how these motors carry scaffold proteins and
quantum dot cargo in teams to carry out distinct mechanical tasks in cells.
Our work uncovers unexpected motor behavior in multi-motor ensembles
and clarifies functional differences between kinesins.
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Kinesins are microtubule-based motors that deliver cargo to their destinations
in a highly regulated manner. Although numerous regulators of cargo delivery
have been identified in recent years, the regulation mechanism for kinesin
through the cargo delivery and recycling process is not known. By performing
single molecule fluorescence imaging measurements in Chlamydomonas
flagella, which are 200 nm in diameter and 10 microns in length with 9 sets
of doublet microtubules, we tracked intraflagellar transport (IFT) trains,
BBSome cargoes, and kinesin-2 motors through the entire cargo delivery pro-
cess and determined their reorganization and recycling dynamics. Upon arrival
at the microtubule plus end at the flagellar tip, (1) IFT trains and BBSome
cargoes remain intact and dissociate away from the kinesins and microtubules
together, diffuse, and reorganize along the flagellar membrane over the course
of 2.3 seconds before commencing retrograde travel. (2) Kinesin motors remain
bound to and diffuse along microtubules for 1.3 seconds before dissociating
into the flagellar lumen for recycling.
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Microtubules are fundamental biopolymers in cells, formed via self-assembly
of tubulin dimers. Defects in microtubule lattices have been observed,
including point defects (missing tubulin dimers) and line defects (protofilament
disruption). Microtubule-based molecular motors enable long-range transport
in cells. Potential impact of microtubule lattice defects on intracellular trans-
port is not yet understood. Here we vary microtubule polymerization conditions
to uncontrollably tune defect presence in microtubule lattices, and use single-
molecule-type optical trapping experiments to investigate the impact of such
defect on multiple-kinesin transport. We find that kinesin-based cargoes pause
preferentially at specific locations along individual microtubules, and that the
pause frequency and duration increase with increasing presence of defects in
microtubules. Additionally, we find that the dissociation rates of multiple-kinesin-based cargoes are also strongly dependent on the specific microtubules
they travel along. Taken together, our study highlights a previously unexplored,
and important role of microtubule lattice assembly in controlling intracellular
transport.
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Kinesin motor domains couple cycles of ATP hydrolysis to cycles of microtu-
bule binding and conformational changes that result in directional force and
movement on microtubules. General principles of this mechanochemical
coupling have now been established. However, fundamental atomistic details
of the underlying allosteric mechanisms remain unknown. This lack of knowl-
edge hampers the development of new inhibitors and limits our understanding
of how disease-associated mutations in distal sites can interfere with the fidelity
of motor domain function. Here we combine unbiased molecular dynamics
simulations, bioinformatics analysis and in-silico mutational studies to eluci-
date the structural dynamic effects of nucleotide turnover and allosteric inhibi-
tion. Multiple replica simulations of kinesin-1 and kinesin-5 bound to ATP-,
ADP- and kinesin-5 specific inhibitors were used to create residue-based net-
works that characterize the internal dynamic coordination of functional regions.
This analysis predicts the intervening residues involved in the dynamic
coupling of nucleotide, microtubule, neck-linker and inhibitor binding sites.
Regions identified include the nucleotide binding switch regions, loop5,
loop7, a4-a5-loop13, a1 and b4-b6-b7. Also evident were nucleotide and in-
hibitor dependent shifts in the dynamic coupling paths linking functional sites.
In particular, inhibitor binding to the loop5 region affects b-sheet residues and
a1 leading to a dynamic decoupling of nucleotide, microtubule and neck-linker
binding sites. Additional analysis of point mutations in kinesin-5, including
P131 (loop5), Q78/I79 (a1), E166 (loop7), K272/I273 (b7) G325/G326
(loop13), support their predicted role in mediating the dynamic coupling of
distal functional surfaces. Collectively, our results and approach provide a
framework for explaining how binding events and point mutations can alter dy-
namic couplings critical for kinesin motor domain function.
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Understanding the distribution of velocities of identical motors as they walk
along polar tracks is important in deciphering their locomotion mechanism.
We created a three parameter kinetic model to describe the velocity, $P(v)$,
and run-length distributions of generic molecular motors that step (forward
and backward) on a track and have finite processivity. We obtain exact analytic
results for the run-length and velocity distributions as a function of external
resistive force. Remarkably, our theory fits Kinesin-1 data very well at zero
force, and reproduces measured stall-force and ratio of the stepping rates.
We extend the model to predict the behavior of Kinesin-1 velocity distributions
under load. When extended to non-zero loads, the theory makes two interesting
predictions. One is that the $P(v)$ is non-Gaussian and the other is a bimodal
structure in $P(v)$. The bimodal structure, a feature that remains even with a
finite step-size distribution, is a direct consequence of the discrete step-size
of Kinesin-1. Although we analyze only Kinesin-1 data, our results are general
and should hold for any processive motor, which walks on a polar track with a
discrete step-size.
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The ATP driven motor kinesin has many possibilities for the application to the
molecular machines. Previously, we introduced photochromic molecules into
the functional key region of the kinesin as a photo-switch and tried to control
the function of kinesin by ultraviolet (UV) and visible (VIS) light irradiations.
The kinesin mutant S275C modified with thiol reactive azobenzene derivative
exhibited photo-controlled ATPase activity correlating to photo isomerization
of photochromic molecules.
In this study, we tried to prepare the photo-controlled molecular shuttles using
kinesin and liposome modified with photochromic molecule.
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cysteine at neck linker region and His-tag at C-terminal. Subsequently the ki-
nesin mutant was dimerized with photochromic bifunctional cross-linker, azo-
benzene dimaleimide (ABDM). And the photo-reversible regulation of the
ATPase and motor activities of the kinesin dimer cross-linked with ABDM
was studied.
We also tried to develop photo-responsive vesicle composed of photochromic
molecules as a cargo for the photo-controlled kinesin. Diacyl glycerol was
coupled with carboxypropyl-spiropyran to be phospholipid analogue using car-
bonyldiimidazole condensation reagent. The spiropyran moiety performs
photo-reversible isomerization between hydrophobic spiro form and merocya-
nine zwitterion form upon visible light and ultraviolet light, respectively.
Therefore, it is expected that the merocyanine form of the mimic phospholipid
results in formation liposome like vesicle. The photo-reversible formation of
the vesicle was studied using water-soluble fluorescent probe.
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The S. cerevisiae Cin8 belongs to the kinsesin-5 sub-family of mitotic motor
proteins. During mitosis, Cin8 orchestrates the mitotic spindle assembly and
its elongation. Recent work from our laboratory indicated that phosphoryla-
tion of Cin8 by Cdk1 governs its localization to the mitotic spindle during
mitosis. Here we tested the rigidity of phosphorylation sites in Cin8, and
examined whether phosphorylation at newly created Cdk1 sites can mimic
the known phospho-regulation or create new regulation. For this purpose,
we generated phosphorylation-deficient mutant of Cin8 and introduced new
Cdk1 sites by single amino acid replacement. This resulted in thirty-one novel
Cdk1 phosphorylation sites. In part of the sites, partial and full Cdk1
consensus sites were created. Next we analyzed Cin8 localization to the spin-
dle during anaphase. We found that only one novel Cdk1 phosphorylation site
at position 276 is able to restore the original phospho-regulation of Cin8, and
is located in high proximity to a native Cdk1 phosphorylation site (S277).
Although several sites were created nearby, only this site exhibits localization
pattern which is similar to WT-Cin8. This result suggests that phospho-
regulation of Cin8 by Cdk1 at this region is rigid and highly dependent on
the structural context. Several additional novel Cdk1 mutants exhibited new
phenotypes, suggesting that there are regions in Cin8 where phsopho-
regulation by Cdk1 is more flexible. These results imply that phospho-
regulation of Cin8 is more elusive than previously anticipated and further
study of its mechanism is required.
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Superparamagnetic nanoparticles are used to influence the medium in which ki-
nesin nanotransport occurs. Simulation results show that nanoparticles form
chain-like structures aligned with the direction of applied external magnetic
field. The strength of the links in these chains depends on the properties of
the particles and on the intensity of the applied magnetic field. Therefore,
altering the magnetic field can be used to dynamically control the loads kinesins
have to overcome - analogous to modifying properties of the medium in which
the transport takes place.
The components of the motor protein, namely its two heads, two neck linkers
and a neck and a cargo linker, are considered to be linear elastic elements. The
chemical reaction of ATP/ADP and the heads is modeled using Michaelis-
Menten kinetics and the Arrhenius equation. The overall model is shown to suc-
cessfully capture the hand-over-hand motion of kinesin. By simulating the
transport of a cargo by kinesin through obstacles created by the magnetic nano-
particles, it is shown that the resisting force created by chains of magnetic nano-
particles affects the speed of kinesin transport.
However, characterizing the motion of a kinesin in the presence of many mag-
netic nanoparticles requires stochastic simulations at a variety of conditions.
The required computational time is prohibitive. Hence, a generalized model
is developed to estimate the force on the cargo without solving the full-order
system dynamics every time. Finally, the motion of cargo under varying mag-
netic fields is studied. These results can be used to detect possible deficiencies
in kinesin - microtubule interactions.682-Pos Board B462
Kinetic Characterization of Rice Plant Specific Kinesin E11 using Fluores-
cent ATP Analogue
Hironobu Taniguchi1, Nozomi Umezu2, Shinsaku Maruta1,2.
1Div.Bioinfo.,Grad. Sch. Eng., Soka Univ, Tokyo, Japan, 2Dept. Bioinfo.,
Fac. Eng., Soka Univ, Tokyo, Japan.
Kinesin is an ATP-driven motor protein that plays important physiological
roles in intracellular transport, mitosis and meiosis, control of microtubule dy-
namics, and signal transduction. Kinesin species derived from vertebrates have
been well characterized. In contrast, plant specific kinesin have yet to be
adequately characterized. We have previously demonstrated that some kinesins
derived from rice plant have unique biochemical characteristic properties and
structures.
In this study, we characterized rice plant specific kinesin E11 that belongs to
the plant specific At1 subfamily in kinesin-7 family. E11 motor domain was ex-
pressed by E. coli expression system and purified with Co-chelate column in
order to characterize biochemical and ATPase kinetic properties. The fluores-
cent ATP analogues, Mant-ATP was employed for the kinetic characterization.
We have successfully observed significant FRET between Mant-ATP and
intrinsic tryptophan (Trp23) residue in E11. The kinetic parameters of initial
binding of Mant-ATP to E11 and release of Mant-ADP from E11 were
analyzed by monitoring the FRET using stopped flow apparatus and compared
with other rice kinesins and conventional kinesin. The results revealed that the
initial binding of ATP to E11 and release of ADP are slower than those of other
rice plant specific kinesin.
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It is believed that the loop L5 of kinesin is important region for motor function.
Interestingly mitotic kinesin Eg5 has a several times longer L5 in comparison
with other kinesins. It has been demonstrated that the L5 of Eg5 performed as
a stabilizer for the Eg5-specific inhibitors (STLC, monastrol) complexes. Aim
of our study is to control the function of Eg5 photo-reversibly using photo-
chromic molecules incorporated into L5. Previously, we have prepared Eg5
mutants (E116C,E118C,T125C,W127C,D130C) which have a single cysteine
residue in L5 in order to incorporate photochromic molecules. We also synthe-
sized thiol reactive photochromic molecules 4-phenylazomaleinanil(PAM)
and Iodoacetyl-spiropyran (IASP). PAM and IASP were incorporated into
the mutants stoichiometrically. Some of the Eg5 mutants modified with
PAM and IASP showed reversible alteration of ATPase activity upon
ultraviolet (UV) and visible (VIS) light irradiations. In this study, we synthe-
sized a novel thiol reactive photochromic molecules monoiodoacetyl-
flugide(IAFG). Fulgimide performs photoreversible isomerzation between
non-polar opened-ring form and polar closed-ring form upon visible light
and ultraviolet light. IAFG was incorporated into Eg5 mutant W127C stoichio-
metrically. Althought the modified Eg 5 mutant W127C-IAFG showed slightly
decreased ATPase activity, the ATPase activity showed photoreversible alter-
ation upon UV and visible light irradiations. Alteration in the ATPase activity
of W127C-IAFG in the presence of STLC upon UV and VIS light irradiations
was also examined.
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Kinesin is an ATP driven dimeric motor protein carries cellular cargoes along
microtubules. The stalk region of kinesin is responsible for dimerization with
coiled-coil interaction. Formation of dimer is essential for kinesin to perform
processive movement along the microtubules. Aim of this study is to control
dimerization of kinesin by the reversible conformational change at the coild-
coil stalk region using photochromic molecule resulting in photo-reversible
regulation of motility. Azobenzene-dimaleimide (ABDM) is a bifunctional
SH reactive photochromic crosslinker and its crosslinking span is altered by
cis-trans photo-isomerization of azobenznene moiety upon ultraviolet and
visible light irradiations. We have previously demonstrated that the two reac-
tive cysteine residues SH1(707) and SH2(697) in a-helix of myosin which re-
gion is believed to have a energy transducing role, were cross-linked by
